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Relativistic jets from black holes and disks

of all sizes/powers
SISO

jets in galactic centers X-ray binaries gamma-ray bursts

M87; NASA/Hubble

MBH~109M® ~10M® ~3M®

Power~1044...1049erg/s ~1038erg/s
~1052erg/s



Basic Observed properties
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How is the jet flow launched?
SRS
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How is the jet flow launched?

SIS
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Origin of magnetic fields:
carried in from large scales?
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Jnetic fields:
)cally by the




GR (force free) MHD simulations

Parfrey, Giannios, Beloborodov 2015
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The jet power
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The Jet Power (continued)

SIS
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Part 11:
large scale jet and emission




Part II:
How to make you jet shine




Dissipation at large scale in the jet

SIS

Jet may contain field reversals ’\ /
on small scale ~hundreds rg

It remains magnetically
dominated

magnetic-reconnectiop,
becomes effective >1]
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Relativistic Magnetic Reconnection

SIS

| An efficient convertor of magnetic
energy into bulk motion, heat,
energetic particles

- y =
H:““““ S E.-f‘*”f v
— cold, magnetized plasma enters the e D ,,.:
reconnection region - <
— plasma leaves the reconnection region - = [
at the Alfvén speed I'out~(1+0)1/2>1 A >
- reconnected material contains energetic & _— e —
(nonthermal) particles ol B -

Relativistic Petschek Reconnection

Lyubarsky 2005



Plasmoid-dominated reconnection in blazars
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Giannios et al. 2009; 2010; Giannios 2013
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(1) Relativistic reconnection is efficient
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Blazar phenomenology:

blazars are efficient emitters
(radiated power ~ 10% of jet power)

Relativistic reconnection:

v it transfers ~ 50% of the flow energy
(electron-positron plasmas) or ~ 25%
(electron-proton) to the emitting particles



(2) Equipartition of particles and fields
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Relativistic reconnection:
Blazar phenomenology:

v in the magnetic islands, it naturally
results in rough energy equipartition

rough energy equipartition between . LI
J b between particles and magnetic field

emitting particles and magnetic field



(3) Extended non-thermal distributions
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Blazar phenomenOIOg_y: X : (Sironi & Spitkovsky 14, Guo et al. 14, Werner et al. 14)
extended power-law distributions of the

emitting particles, with hard slope
dN v it produces extended non-thermal

D : <
K = 2 tails of accelerated particles, whose
. power-law slope can be harder than p=2

Relativistic reconnection;



(4) Fast time variability at TeV energies
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at TeV energies, fast (~10 minutes) flares ~ Relativistic reconnection:

on a high-state envelope lasting for ~days v large/fast islands might be a
promising source of fast variability



Shocks In jets
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Quasi Perpendicular Shocks
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109 Yrel Brel

Quasi-Parallel Shocks
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Concluding

SIS

! Take Home messages

1) Are large-scale fields required to make Jets?
- locally generated fields may launch jets as well

2) Jets are observed to be efficient particle
accelerators, quasi equipartition objects

- Shocks may not be both efficient and
accelerate particles

- Magnetic reconnection can be both and

predicts equipartition conditions at the emitting
region
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